This study investigates whether firms with significant foreign exchange rate exposure change their future use of foreign exchange rate derivatives (FXDs) 
INTRODUCTION
he use of derivatives has come under increased scrutiny by lawmakers, regulators, practitioners, and academics. In the U.S., "many in Congress blame such instruments for exacerbating the financial crisis," and Treasury officials are exploring regulation "to prevent another financial meltdown caused by hidden exposure to derivatives risk" (Scannell, 2009, page B1) . At the practitioner level, the use of foreign exchange rate derivatives (FXDs) is being reassessed by firms attempting to effectively manage the dramatic increase in currency risk accompanying the financial crisis (Kirschner et al., 2009) . Motivated by such increased scrutiny, academics are investigating the role of derivatives in understanding the surprising lack of empirical evidence of significant returns-based estimates of exchange rate exposure; aka, the "exchange rate exposure puzzle" (e.g. Bartram and Bodnar, 2007) .
This study employs a firm-specific approach to refining the analysis of exchange rate exposure, and investigates whether firms with significant exposure (if any) modify their future use of FXDs. To the extent firms monitor the effectiveness of their hedging strategy, we expect firms with significant returns-based estimates of foreign exchange rate exposure will change their future derivatives use accordingly. We shed light on the exchange rate exposure puzzle by taking advantage of firm-specific accounting data on currency risk and hedging strategy, and by examining changes in firms' FXDs use in relation to their past efforts to effectively hedge exchange rate exposure. Such firm-specific data allows us to identify the bilateral exchange rate to which the firm is most exposed, and whether the firm uses a partial hedging strategy; that is, whether it chooses to hedge less than 100 percent of its exposure to changing exchange rates.
Employing this refined approach, we find significant returns-based estimates of exchange rate exposure for firms with high FXDs use relative to foreign sales. Of these firms, however, only partial hedgers modify their future FXDs use. Moreover, we provide preliminary evidence that these firms' future use of derivatives is effective in reducing the magnitude of their exposure to changing exchange rates. In sum, the results suggest that partial hedgers with significant exchange rate exposure do monitor the effectiveness of their hedging strategy and adjust future FXDs use accordingly.
The remainder of this paper is organized as follows. Section 2 provides background and develops the two research hypotheses; Section 3 describes the data and methodology used to test the hypotheses; Section 4 presents and discusses the results, and Section 5 concludes the paper.
BACKGROUND AND HYPOTHESES
Economic theory suggests that firm value is related to changes in exchange rates (e.g. Jorion, 1990) . In a recent review of the empirical research on the relationship between market returns and changes in exchange rates, Bartram and Bodnar (2007) describe the surprising lack of evidence of such a relation as the "exchange rate exposure puzzle." This gap in our understanding of exchange rate exposure has been attributed, in part, to the firm's effective use of foreign exchange derivatives (FXDs) in managing currency risk, and to the difficulties in modeling the firm's exchange rate exposure including the use of broad exchange rate indexes, which may not capture the bilateral exchange rate exposure particular to each firm (e.g. Allayannis and Ofek, 2001; Ihrig, 2001 ). This study addresses these two explanations for the exchange rate exposure puzzle by following a firm-specific approach to estimating and explaining foreign exchange rate exposure.
This study takes advantage of accounting data disclosed in accordance with the Securities and Exchange Commission's (SEC) Financial Reporting Release (FRR) No. 48 (SEC, 1997). Under FRR No. 48, U.S. multinationals provide qualitative data on their currency risk including the identification of the bilateral exchange rate to which they are most exposed, and their use of a partial hedging strategy where less than 100 percent of the firm's exchange rate exposure is hedged. We use such firm-specific data to refine returns-based estimates of exchange rate exposure, and to distinguish firms following a partial hedge strategy in our examination of changes in FXDs use. To the extent firms monitor the effectiveness of their hedging strategy, we expect firms with significant returns-based estimates of exchange rate exposure will change their future use of FXDs accordingly. 1 In particular, we test the following hypotheses (in null form).
H1:
There is no association between monthly market model residual errors and monthly changes in the exchange rate.
H2:
There is no association between the change in derivative use and past ineffective use of derivatives.
DATA AND METHOD
This study employs a firm-specific approach to understanding the exchange rate exposure puzzle, and departs from prior research in two important ways. First, we use FRR No. 48 disclosures to identify both the bilateral exchange rate to which the firm is most exposed and whether the firm uses a partial hedging strategy. As detailed in Panel A of Table 1 , we selected non-financial U.S. MNCs with ex ante exposure to changing exchange rates as proxied by the foreign sales ratio. 4 Excluding firms with insufficient currency risk and FXDs use disclosures, as well as firms lacking monthly returns and annual data in Compustat, the initial sample is reduced to 131 firms. Of these initial sample firms, 89 firms report that they are primarily exposed to changes in the U.S. dollar in relation to either the British Pound or a Euro-zone currency. Like the trade-weighted exchange rate index prevalent in prior studies of exchange rate exposure, we weight the changes in such firm-specific bilateral exchange rates by the ratio of the firm's sales in the corresponding geographic region to its total sales. 5 As seen in Panel B, the final sample of 89 firms represents a variety of non-financial industry sectors.
Tests of hypothesis one use pooled time-series cross-sectional estimates of equation (1) over the [2001] [2002] [2003] period, for the full sample and for three portfolios representing low, medium, and high relative FXDs users (portfolios are formed using the mean ratio of FXDs to foreign sales, for the period of interest). This market model approach to estimating exchange rate exposure is prevalent in extant research (e.g. Adler and Dumas, 1984; Zhang, 2009 
where:
R it is the monthly return on security i for month t;
MKT t is the monthly return of the CRSP value-weighted market index for month t;
FXI it is the percentage change in either the sales-weighted bilateral exchange rate to which firm i is most exposed in period t (ERFIRM, per FRR No. 44 hand-gathered data), or the nominal trade-weighted exchange rate index (ERIMF, per International Financial Statistics); both FXI variables are stated in direct form (i.e. U.S. dollar value of one unit of foreign currency).
To the extent sample firms are exposed to changes in exchange rates (using either ERFIRM or ERIMF), the estimated coefficient on the FXI variable will be statistically significant.
Building on the returns-based estimates of exchange rate exposure from equation (1), tests of hypothesis two examine whether firms with significant exposure (if any) modify their future FXDs use. In particular, equation (2) is estimated for the full sample and the partial hedge sub-sample, over the 2004-2006 period.
ΔFXDFS ip is the annual change in foreign exchange derivatives in period p for firm i (as measured by the notional value scaled by foreign sales);
EDUM ip equals 1 for firm i in a FXDFS portfolio with statistically significant exchange rate exposure for period p from equation (1), else 0; or PH*EDUM for firms with statistically significant equation (1) exposure that identify themselves as partial hedgers;
ΔCONTROLS ip are the annual change in other determinants of FXDs use from extant research, as proxied by SIZE (firm size, as measured by the natural log of total assets, to control for scale economies in derivatives use), LEV (leverage, as measured by the ratio of total debt to total assets, to control for financial distress costs), and RD (R&D, as measured by the ratio of R&D to total sales, to control for under-investment costs).
To the extent firms with significant exchange rate exposure modify their future FXDs use, the estimated coefficient on the EDUM (or PH*EDUM) variable will be statistically significant for the full sample (or the partial hedge sub-sample). Table 2 (1) and equation (2), respectively. In Panel A, the two equation (1) FXI variables (ERFIRM and ERIMF) exhibit similar levels of variability across the sample period. However, in contrast to the broad ERIIMF variable, the standard deviations of the firm-specific ERFIRM variable are much larger within each period. Thus, it is important to distinguish these two variables in equation (1) 6 Looking first to the full sample results in the last column, the estimated coefficient on the FXI variable is significant (at the .10 level or better) using either the firm-specific exchange rates (in Panel A) or the broad exchange rate index (in Panel B). Thus, hypothesis one is supported. Within this full sample, we consistently identify firms in FXDFS portfolio 3 as having significant returns-based estimates of exchange rate exposure.
RESULTS

Primary analysis
The Table 3 results indicate that it is the sub-sample of firms using the largest amount of FXDs relative to foreign sales (i.e. FXDFS portfolio 3) that faces significant exposure to changing exchange rates. Moreover, the positive FXI coefficient indicates that, on average, a decline (increase) in the value of the U.S. dollar (vis-à-vis either the currency to which the firm is most exposed, or the exchange rate index) is associated with an increase (decrease) in firm value. 7 Finally, comparing the magnitude of the FXI coefficients, sample firms face more exposure to the broad exchange rate index (ERIMF). Table 4 presents tests of hypothesis two using equation (2) Table 3 results) will modify their future FXDs use. As detailed in Panel A, the full sample results do not support these expectations. In particular, model 4 depicts the equation (2) OLS estimation results, which indicate that the variable of interest (EDUM) is not statistically significant (at the .10 level). Estimation results for models 1-3 are provided for completeness. 8 Although the Panel A full sample results indicate that firms with significant exchange rate exposure do not modify their FXDs use, it is important to distinguish partial hedgers in examining the implications of ineffective hedging strategy for future derivatives use.
In contrast to the Panel A full sample results, the Panel B evidence for partial hedgers supports hypothesis two. As seen in model 4, the equation (2) These full model results are robust to the exclusion of all controls and the inclusion of either the SIZE control or both the SIZE and the LEV controls, as seen in models 1-3. All together, the results suggest that firms with significant exchange rate exposure that follow a partial hedge strategy do monitor hedge effectiveness, and adjust their future derivatives use accordingly.
Additional analysis
The Table 4 evidence, which supports hypothesis two, pertains only to the subset of partial hedgers facing significant exchange rate exposure (i.e. partial hedgers in FXDFS portfolio 3, per Table 3 In the first step, time-series estimates of equation (3) provide returns-based estimates of exchange rate exposure using the broad exchange rate index (ERIMF). The absolute value of these time-series estimates then is used in the second step, as the dependent variable in cross-sectional estimates of equation (4).
ERIMF it is the percentage change in the nominal trade-weighted exchange rate index, per the International Monetary Fund's International Financial Statistics.
Abs  2i is the absolute value of estimated ERIMF coefficient from equation (3), for firm i; PH*MFXDFS i is the mean value of the relative amount of FXDs for firm i multiplied by an indicator variable (equals 1 if the firm identifies itself as a partial hedger, and 0 otherwise); MSIZE i is the natural log of the mean value of the market value of equity for firm i;
MLEV i is the mean value of the ratio of total debt to total assets for firm i;
MRD i is the mean value of the ratio of R&D to total sales for firm i.
To the extent partial hedgers effectively use FXDs to reduce the magnitude of their exchange rate exposure, the coefficient on the PH*MFXDFS variable will be significant and negative. In addition to estimating these two equations for the sub-sample of interest (i.e. FXDFS portfolio 3, in Table 4 Panel B hypothesis two results), we provide full sample results to consider the effectiveness of FXDs use for all partial hedgers. Table 5 details the OLS estimates of equation (4) based on the absolute value of the exchange rate exposure estimates from equation (3). As seen in Panel A, the full sample results are not statistically significant (at the .10 level). In contrast, the coefficient on the PH*MFXDFS variable (significant at the .10 level) in Panel B is consistent with our expectations for partial hedgers with significant exchange rate exposure (i.e. FXDFS portfolio 3). Together with our primary results in Tables 3 and 4 , the evidence suggests that partial hedgers monitor the effectiveness of their hedge strategy and adjust their future FXDs use in a way that reduces the magnitude of their exposure to changing exchange rates.
CONCLUSION
This study investigates whether U.S. multinationals (MNCs) with significant foreign exchange rate exposure change their future use of foreign exchange rate derivatives (FXDs). Unlike prior research, we take advantage of data on the firm's hedging strategy to identify partial hedgers, and the firm's currency risk to improve returns-based estimates of exchange rate exposure. To the extent MNCs monitor the effectiveness of their hedging strategy, we expect firms with significant exchange rate exposure will change their future use of FXDs accordingly.
Consistent with these expectations, we provide results that support both of the formal hypotheses. Tests of hypothesis one indicate that sample firms with high FXDs use relative to their foreign sales face significant exposure to either the firm-specific bilateral exchange rates or the broad exchange rate index. Moreover, such results indicate that, on average, a decline (increase) in the value of the U.S. dollar is associated with an increase (decline) in firm value. Building on these results, tests of hypothesis two support our expectations, but only for firms that follow a strategy of hedging less than 100 percent of their exchange rate exposure (i.e. partial hedgers). Finally, we provide preliminary evidence that partial hedgers facing significant exposure modify their future FXDs use in a way that is effective in managing currency risk. All together, the results suggest that partial hedgers with significant exchange rate exposure do monitor the effectiveness of their hedging strategy, and adjust their future derivatives use accordingly.
The results presented in this study are timely given the increased scrutiny of derivatives use, and shed light on the exchange rate exposure puzzle. Extant survey research indicates that most firms do not fully hedge their exposure to exchange rate changes (e.g. Bodnar et al., 1998) . We provide evidence that such partial hedgers monitor hedge effectiveness and adjust their derivatives use in a way that is prudent, consistent with recent research (e.g. Zhang, 2009 ). Future research can shed further light on the exchange rate exposure puzzle and the debate over prudent derivatives use by considering the speculative nature of partial hedging strategies. By following such a strategy of not hedging 100 percent of their exposure to changes in exchange rates, partial hedgers may choose to take on increased currency risk with the intent of earning the increased returns commensurate with such risk. The U.S. firms in the final sample are those that identify either the US$/British Pound (21 firms) or a US$/Euro-zone currency (68 firms) as the exchange rate to which they are primarily exposed, and represent 68 percent of the 131 firms in the initial sample. The next two most common principal exchange rates for the initial sample of 131 firms are the US$/Canadian$ (14 firms) and the US$/Japanese Yen (14 firms). Tests of hypothesis one use pooled time-series cross-sectional estimates of equation (1) (2) is: ΔFXDFS =  +  1 EDUM +  2 ΔSIZE +  3 ΔLEV +  4 ΔRD + ε, where ΔFXDFS = annual change in FXD use, as measured by notional values scaled by foreign sales; EDUM = 1 for firms in an ineffective user portfolio, else 0; ΔSIZE = annual change in the natural log of the market value of equity; ΔLEV = annual change in the ratio of total debt to total assets, to control for the costs of financial distress; and ΔRD = annual change in the ratio of R&D to total sales, to control for under-investment costs.
b Additional tests of hypothesis two for partial hedgers in the ineffective user portfolio (i.e. firms in FXDFS portfolio 3 that identify themselves as partial hedgers) use pooled crosssectional estimates of equation (2), as depicted in model 4, for the full sample over the 2004-2006 period, where a significant coefficient on the PH*EDUM variable is consistent with ineffective FXD users that identify themselves as partial hedgers changing their future FXD use. Equation (2) is: ΔFXDFS =  +  1 PH*EDUM +  2 ΔSIZE +  3 ΔLEV +  4 ΔRD + ε, where ΔFXDFS = annual change in FXD use, as measured by notional values scaled by foreign sales; PH*EDUM = 1 for partial hedger firms in ineffective user portfolio, else 0; ΔSIZE = natural log of the market value of equity; ΔLEV = annual change in the ratio of total debt to total assets, to control for the costs of financial distress; and ΔRD = annual change in the ratio of R&D to total sales, to control for under-investment costs. Table 3 ). Equation (3) is the monthly market model: R = α + λ 0 MKT + λ 1 ERIMF + ε where R is the firm's return, MKT is the CRSP value weighted market return, and ERIMF is the percentage change in the trade-weighted U.S. dollar exchange rate index. Equation (4) is Abs  1 = α + γ 1 PH*MFXDFS + γ 2 MSIZE + γ 3 MLEV + γ 4 MRD + ε  where Abs  1i is the absolute value of estimated ERIMF coefficient from equation (3), PH*MFXDFS is the mean value of the annual changes in the relative amount of FXDs multiplied by an indicator variable (equals 1 if the firm identifies itself as a partial hedger, and 0 otherwise), MSIZE is the natural log of the mean value of the market value of equity, MLEV is the mean value of the ratio of total debt to total assets, and MRD is the mean value of the ratio of R&D to total sales. b FXD users with significant exchange rate exposure per results detailed in Table 3 , where portfolios are formed using the time-series mean FXDFS for each company, and FXDFS is the currency derivative notional value scaled by foreign sales. As shown in Table 3 , the ineffective FXD users are sample firms in FXDFS portfolio 3. *Significant at the .10 two-sided level **Significant at the .05 two-sided level ***Significant at the .01 two-sided level
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